The roots of Caesalpinia digyna have been reported to contain gallic acid derivatives and minor homoisoflavonoids, but HPLC-ESI-MS and HPLC analyses of the homoisoflavonoids were challenging due to their low concentration in the roots. Separation and identification was accomplished by HPLC-ESI-MS and further elaborated for quantification using a C 18 column with detection at 330 nm. A gradient mobile phase consisting of methanol and water (0.1% acetic acid) was used. The developed HPLC method showed good linearity (r 2 ≥0.998), high precision (RSD<5%) and a good recovery (99.3-104.5%) of the compounds. The lowest detection limit was 0.75 ng and the method was found to be robust. All the validation parameters were found to be within the permissible limits and, therefore, the developed method is accurate and reliable for the quality control of C. digyna and other Caesalpinia species. This is the first report of sample preparation on Diaion HP-20 resin and characterization of homoisoflavonoids by HPLC-ESI-MS, extended by extensive quantitative HPLC analysis of homoisoflavonoids in C. digyna roots and method validation.
Caesalpinia digyna Rottler (Leguminosae), commonly known as 'Vakerimul', is one of the ingredients of "Geriforte", an ayurvedic formulation that has been used as a restorative tonic in old age and for curing senile pruritus, with excellent results [1] . The roots of C. digyna have been reported to possess antimicrobial, antioxidant, hypoglycaemic and hypolipidemic properties [2] [3] [4] [5] . The detailed phytochemical investigation of C. digyna roots recently by us resulted in the isolation and characterization of fourteen polyphenolics that includes flavonoids, gallic acid derivatives and homoisoflavonoids [6] . Other Caesalpinia species, such as C. bonducella, C. pulcherrima and C. milletii, are also reported to contain homoisoflavonoids [7] [8] [9] [10] . The content of homoisoflavonoids in cell suspension cultures of C. pulcherrima [11a] , and inter-bulb surfaces of Scilla nervosa were analyzed by HPLC [11b].
On the basis of literature reports, we aimed to develop a simple, accurate and robust HPLC analytical method for the simultaneous determination of homoisoflavonoids (1) (2) (3) (4) (5) (6) (7) (8) in C. digyna roots ( Figure 1 ). As these homoisoflavonoids exist as isomers, HPLC-ESI-MS was used for their exact identification.
The quantification of the homoisoflavonoids (1) (2) (3) (4) (5) (6) (7) (8) in C. digyna has not been previously reported. Therefore, a reliable HPLC method was developed for the separation and determination of these compounds in homoisoflavonoid-rich fractions prepared from the methanol extracts of two different C. digyna root samples. After several attempts, a gradient mobile phase eluting with 0.1% acetic acid (A) and methanol (B) was optimized on a C 18 reversed phase column to give a stable base line, and good peaks and resolution of all eight homoisoflavonoids in HRF-01 and HRF-01´ ( Figure 2 ). The presence of homoisoflavonoids (1) (2) (3) (4) (5) (6) (7) (8) in methanol extracts was confirmed by HPLC-ESI-MS prior to method validation; these were detected as protonated molecular ion [M+H] + peaks in the MS (Table 1) . The validation of the developed method was accomplished using International Conference of Harmonization (ICH) guidelines [12] . Five point calibration curves were prepared for compounds 1-8 in the specified concentration range. The slopes, the intercepts and the correlation coefficients (r 2 ) were calculated by regression analysis ( Table 2 ). The correlation coefficient was found to be ≥0.998 for all the compounds studied, which indicated a high degree of correlation and good linearity for the method.The lowest value for LOD was observed for Z-eucomine (0.75 ng/mL), whereas the lowest LOQ value was found for Z-eucomine and Z-8-methoxybonducellin (2.00 ng/mL). For intra-day variations, the %RSD values of 1-8 were found in the range of 0.92-2.62%, while in the case of inter-day variations, the values were in the range 0.69-3.04%. These %RSD values are within the permissible limits and reflected the precision NPC Natural Product Communications 2012 Vol. 7 No. 9 1189 -1192 of the method. The average recoveries for the determined compounds (1) (2) (3) (4) (5) (6) (7) (8) were between 99.3-104.5% with a %RSD≤3.03%, which indicated good recovery of the respective samples, thus proving the effectiveness of the reported method ( Table 2 ).
The robustness of an analytical method is a measure of its capacity to remain unaffected by small, but deliberate variations in method parameters and provides an indication of its reliability during normal usage. For compounds 1-8 the %RSD values were found in the range of 0.080-0.897 for the mobile phase, 0.405-0.839 for the flow rate, 0.052-2.97 for the temperature, and 0.222-1.229 for the mobile phase gradient. As the observed values of %RSD were less than 5% for all the four studied parameters, the method developed could be considered as robust. The %RSD values for solution phase stability of compounds 1-8 were found to be in the range of 1.17-3.76, which demonstrated a good stability in methanol solution within the tested time period ( Table 2 ).
The proposed method was utilized for the determination of compounds 1-8 in two different samples of C. digyna roots. The results showed that homoisoflavonoids 1-8 were present in very low amounts in both samples (Figure 2A) . Earlier, the bergenin content had been analyzed by LC-MS and found to be 39% in the methanolic extract of C. digyna [4] .Therefore, prior to quantification of homoisoflavonoids by HPLC, methanolic extracts of the samples were loaded onto a Diaion HP-20 resin column to remove the major compounds, bergenin and 11-O-galloylbergenin. These fractions were considered to be polar and devoid of homoisoflavonoids ( Figure 2B ). Since there is ≥ 95.3% recovery obtained after loading the extracts on Diaion resin HP-20, the developed sample preparation method is reliable. The reliability of the sample preparation method was further confirmed by quantifying the homoisoflavonoids (1, 2, 5 and 6) in the methanol extract of sample 1 in which these were present at above the LOQ. The content of the homoisoflavonoids (1, 2, 5 and 6) in the methanol extract and enriched fraction HRF-01 of sample 1 were found almost similar, thus indicating the reliability of the sample preparation method using Diaion HP-20 resin ( Table 3) . A similarly enriched fraction of sample 2 was prepared and the homoisoflavonoids quantified ( Figure 2C ; Table 4 ). The sample preparation method was repeated three times for both samples on Diaion HP-20 resin to check reproducibility.
The E-8-methoxybonducellin content in sample 2 showed significant variation when compared with sample 1. The homoisoflavonoids (1, 2, 4-8 ) in sample 2 showed less variation when compared with sample 1 (Table 4 ). These variations might be due to environmental and genetic factors.
Analysis of homoisoflavonoids in Caesalpinia digyna
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In conclusion, the sample preparation using Diaion HP-20 resin allowed enrichment of homoisoflavonoids in C. digyna methanolic extracts. All the homoisoflavonoids were identified by LC-ESI-MS from their molecular ion peaks, and were further quantified in the enriched extracts of C. digyna roots. The developed HPLC analytical method was validated using the ICH guidelines for all the validation parameters. The %RSD values for all the validation parameters were found to be within the permissible limits and, therefore, the developed HPLC method is accurate, reliable and robust for the quality control of C. digyna. This validated method may also be used for the determination of E-and Z-isomers of homoisoflavonoids in other Caesalpinia species. Sample preparation: Two samples of coarsely powdered roots (50 g) of C. digyna were refluxed separately with methanol for 2 h to give crude extracts. Each extract was further dissolved in 10 mL of methanol and loaded onto a Diaion HP-20 resin (50 g) column to remove gallic acid derivatives. The column was eluted with 60% methanol in water (1000 mL) to give polar fractions. The column was then eluted with methanol (250 mL) followed by acetone (200 mL). The methanolic and acetone solutions were pooled and concentrated on a rotary evaporator to give homoisoflavonoid rich fractions (HRF-01 and HRF-01´). The solutions (5 mg/mL) of HRF-01 and HRF-01´ were used for the analysis of compounds 1-8. The prepared sample solutions were sonicated and filtered through a 0.45 µm membrane prior to analysis. The sample solutions of HRF-01 and HRF-01´ were stored at -20C until analysis.
Reference standards of homoisoflavonoids (1-8):
Isointricatinol (1), intricatinol (2), Z-8-methoxybonducellin (3), E-8-methoxybonducellin (4), isobonducellin (5), bonducellin (6), Z-eucomine (7) , and E-eucomine (8) previously isolated by us were used as reference standards [6] .
Preparation of standard solutions:
Stock solutions of homoisoflavonoids (1-8) (1 mg/mL) were prepared separately in methanol. All standard solutions were stored at -20C until analysis. The prepared standard solutions were sonicated and filtered through a 0.45 µm membrane filter prior to analysis.
HPLC and HPLC-ESI-MS analysis:
The separation of HRF-01 and HRF-01´ was carried out on a C 18 column using 0.1% acetic acid (solvent A) and methanol (solvent B) as mobile phase in gradient mode. The gradient elution profile used was: 0 min, 30% B; 3 min, 50% B; 8 min, 54% B; 28 min, 54% B; 38 min, 70% B; 45 min, 70% B; 45.01 min, 30%; 50 min, 30% B. The column was equilibrated with 30% B for 10 min before the next injection. The 20 µL of standards and sample were injected into the chromatographic system and the flow rate used was 1 mL/min. The analysis was carried out by maintaining the column oven at 30C. Homoisoflavonoids (1) (2) (3) (4) (5) (6) (7) (8) 
Validation of HPLC method:
The HPLC method for the determination and quantification of homoisoflavonoids1-8 was validated in accordance with the ICH guidelines for linearity, precision, recovery, robustness and stability [12] .
Linearity, LOD and LOQ:
The linearity was performed for each compound separately and the concentration range was chosen on the basis of the expected values in the study. The calibration curves were generated from 5 concentrations of each compound, each in duplicate; calibration curves, regression coefficients, slopes and intercepts were calculated. The calibration curves thus obtained were used to quantify the respective compounds in HRF-01 and HRF-01´. LOD and LOQ of 1-8 were calculated based on the signal to noise (S/N) ratios of 3 and 10, respectively.
Precision:
For intra-day precision, the individual compound (1-8) was analyzed at 3 different concentrations in triplicate within one day. For inter-day precision, the standards were analyzed in triplicate on 3 consecutive days. The precision values were expressed by relative standard deviation (%RSD).
Accuracy: Accuracy was determined using a recovery study performed by adding a known amount of individual homoisoflavonoids (1-8) at low, medium and high concentration into a 5 mg/mL solution of HRF-01. The 3 concentrations were analyzed in triplicate and the results expressed as the percentage recovery of the added analytes/compounds.
Robustness:
The robustness of the method for the analysis of Stability: The 0.1 mg/mL solutions of compounds 1-8 were stored at 25°C and 20 µL of each solution was injected into the HPLC system at intervals of 0, 2, 4, 8, 12 and 24 h, respectively, to evaluate stability of the compounds in the solution phase. The stability data are expressed as relative standard deviation (%RSD) of 3 determinations.
Statistical analysis:
The concentrations of compounds 1-8 in HRF-01 and HRF-01´ were determined from the respective areas under the peaks obtained from the calibration curves and the data have been expressed as mean ± SD (%RSD). The intra-and interday variations for the homoisoflavonoids 1-8 have been expressed as %RSD, while LOD and LOQ of 1-8 were calculated using the HPLC software (Empower TM 2 System Suitability, Waters) and expressed as ng/mL.
